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ABSTRACT 
EURCYL is a program dealing with the automatic generation of finite element 
meshes for pressure vessel nozzles, using isoparametric elements with 8, 
20 or 32 nodes. 
Options exist to generate BWR nozzles as well as PWR nozzles. 
1. INTRODUCTION 
EURCYL is a p rog ram which genera tes automatical ly i s o p a r a m e -
t r i c finite element meshes of nozzles of cu r ren t light water p r e s s u r e 
v e s s e l s . The p resen t r epor t gives a descr ip t ion and a "How to Use" 
of EURCYL level 2. The difference with EURCYL level V ', l ies in 
the option to generate a lso PWR nozz les . 
Due to thei r l a r g e r d i ame te r as compared to BWR nozzles , the 
PWR nozzles a r e usually embedded in the flange of the vesse l (com-
pare F ig . 1-a and F ig . 1-b). 
The present repor t repea ts to a great extent the descr ipt ion of 
EURCYL level 1 , and as a resu l t the potential u s e r of EURCYL 
level 2 can consider (1) as obsole te . 
2 . TOPOLOGY 
EURCYL s ta r t s to generate a qua r t e r of a cy l inder -cy l inder i n t e r -
sect ion with local re inforcements and fillet radi i , as r ep resen ted in 
F i g . 2 and Fig. 3, including the n e c e s s a r y dimensions and various 
coordinate s y s t e m s . Such geometry is typical for BWR nozzles (see 
F i g . 1-a). 
2 .1 BWR Nozzle: 
T h r e e regions a r e recognized 
- nozzle zone: A to D 
- t rans i t ion zone: D, B, C to E 
- v e s s e l zone: E to F . 
The topology of the elements cor responds to the topology of a wall 
(Fig . 4) with the th ree dimensions and corresponding number of e l e -
ments as indicated in Table 1 and F ig . 5. 
FIG. 1 - NOZZLE TYPES 
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Fig. 2 : General Dimensions — 2-D Section 
Fig. 3 : 3-D View with Coord. System 
(x-y-z and R-Ö-Z ) 
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The number of e lements in angular direct ion co r r e sponds to a 
qua r t e r of the BWR nozzle (0 £ Ô £ 90, f i r s t quadrant) . The number 
of elements in length direction is subdivided into the t h r e e zones men-
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The numbering of elements is as indicated in F ig . 4, in th ickness , 
angular and length direct ion respect ive ly . Since for mos t applicat ions 
NELTH < NELA < N E L L , this numbering gives the s m a l l e s t band-
i i ) 
width for a front solution . 
An option NELEM is introduced in o r d e r to be able to continue a 
mesh with NELEM-1 elements a l ready generated. 
Three types of e lements can be used cor responding to the i sopara-
: t r ic e lements us« 
Table 3 and F ig . 6. 
(2) (3) 
me t r i c e lements used in BERSAFE and FLHE . They a r e given in 
T H i c k n n s 
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Fig. 5 : Element distribution 
EZ 24, 8 nodes 
( linear ) 
EZ 60, 20 nodes 
( parabolic ) 
EZ 9a 32 nodes 
( cubic ) ιέ 
2*. 
Angular / 
l e n g t h 
Fig. 7 : Nodes indexation 
Fig. 6 : Element types 
TABLE 3 
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The node numbering is s t ra ightforward and proceeds in the angular , 
th ickness and length direct ion respec t ive ly (Fig. 7). The option NPOIN 
is introduced in o rde r to be able to continue a mesh with NPOIN­1 nodes 
a l ready generated. 
EURCYL defines the bandwidth of the generated topology and the job 
is abandoned if the bandwidth exceeds a p r e s e t value defined by input 
(NBTOT). 
EURCYL has options to generate l / 4 , l / 2 or the complete i n t e r s e c ­
tion to be specified by input data NTHETA (Table 4). The node n u m b e r ­
ing s t a r t s at the angular plane # ­ s t a r t . F o r option NTHETA=4 the nodes 
of the f irs t angular plane (Ö­s tar t ) coincide with those of the las t angu­
l a r plane ( tì­end). In the topology definition, the f o r m e r a r e re ta ined . 
A s i m i l a r situation occurs for NGAMMA=180° (Fig. 3) and NTHETA=2 
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FIG. 8 - PWR STRUCTURE 
I O 
An option (ITWOD) gives the possibi l i ty to genera te 2-D topology-
corresponding to planes Z-X and Z-Y. They r e p r e s e n t the approach 
of the 3-D nozzle by nozzle-on-plane respec t ive ly nozzle - o n - e p h e r e , 
i . e . 2D-ax i symmet r i c approaches . 
The e lements a r e the i sopa ramet r i c 2-D e lements with 4, 8 o r 
12 nodes depending on NELTYP. 
The output cons is t s of a listing of the e lements with co r respond ing 
nodes . Moreover , punched cards a r e produced with the output format 
of BERSAFE and F L H E . 
2.2 PWR Nozzle 
PWR p r e s s u r e vesse l nozzles a r e embedded in the flange providing 
additional s t rength to account for the i r l a r g e r d i ame te r as compared 
to BWR nozzles (Fig. 1 ). 
F o r the analys is of such nozzles it is not sufficient anymore to study 
a q u a r t e r of the nozzle ; only the longitudinal plane is a s y m m e t r y plane 
and a half of the nozzle has to be analyzed. 
EURCYL has an option (NPWR=1) to genera te automat ica l ly a m e s h of 
the geometry depicted in F igure 8. Only half of the s t r u c t u r e 
can be generated by default, and automat ica l ly NTHETA will be equal 
to 3 . 
The mesh is generated by f i rs t cons ider ing it as a BWR nozzle m e s h 
with ves se l wall th ickness equal to flange th ickness , and next adding 
e lements according to Figure 9. The e lement d is t r ibut ion is 
summar i zed in Table 5. The numbering of e lements is as before i. e . 
in th ickness , angular and length d i rec t ion respec t ive ly . Those e l emen t s 
which do not exis t , e. g. for angular planes beyond NELA1 outside the 
flange, a r e ignored. 
IN LENGTH 
DIRECTION 
FIG. 9 - PWR STRUCTURE IN A DEVELOPED PLANE 
1 S 
TABLE 5 















BWR P a r t + Extens ion 
2* NELA 
NELTH 
NELL + 1 in Ζ < 0 
NELL + l + 3 i n Z > 0 
3. GEOMETRY 
In a s i m i l a r way as for the generat ion of the topology of the m e s h , 
a l so the generat ion of the coordinates of the nodal points is c a r r i e d out 
f i rs t ly for a BWR type nozzle, followed by an extension to PWR type 
nozzles , depending on the option NPWR. 
3.1 BWR Nozzle 
The coordinates of the nodal points depend on the d is t r ibu t ion and 
on the type of the e l emen t s . The dis t r ibut ion and the type of e lements 
depend on the i r tu rn on the s t ruc ture and the expected s t r e s s d i s t r i bu ­
t ion. F o r the nozzle s t ruc ture the type of e lement should pre fe rab ly 
be the parabol ic or cubic i sopa rame t r i c ones , in o r d e r to r e p r e s e n t a c ­
cura te ly the geometry of the curved sur faces (the l inea r e lement EZ24 
with s t ra ight edges has only been included for comple teness ) . The d i s ­
t r ibut ion of e lements should be fine in regions of s t eep s t r e s s grad ien ts 
and can be c o a r s e r e l sewhere . 
In EURCYL the distr ibution of e lements is control led by input. As 
far as the angular d i rec t ion is concerned, the d is t r ibut ion is homogene ­
ous for the nozzle zone (Α­D) and t r ans i t ion zone ( D ­ B ­ C ­ E ) and nea r ly 
homogeneous for the ves se l zone ( Ε ­ F ) , see F ig . 5. 
Λ3 
In the thickness di rect ion the dis tr ibut ion is governed by a crowd­
ing factor CROWTH, according to a geomet r ica l s e r i e s with the 
s m a l l e r elements at the inside for CROWTH> 1 (see appendix 1). 
In the length direct ion the distr ibution is defined by NELN, NELT, 
NELV (see chapter 1) with corresponding crowding factors CROWN, 
CROWTR, CROWV according to geomet r ica l s e r i e s with increas ing 
e lements in the direct ion away from the in tersec t ion . 
F o r the determinat ion of the coordinates of the nodal points, f i rs t 
the coordinates of the points A, D, B, C, E and F (Fig. 2) for inside and 
outside surfaces and for the var ious angular planes have to be defined. 
F o r A and D the procedure is s t ra ight forward because they a r e on a 
cyl indr ica l surface with axis Z. The coordinates of Β and C follow from 
a t ranscendenta l equation, which is solved by i tera t ion (appendix 3). 
Points C , E and F lie on a cyl indrical surface with axis X. This surface 
is developed in a Z-X plane in which the coordinates a r e defined. Once 
the points A, D, B, C, E and F a r e defined, the summit nodes a r e found 
by geometr ica l interpolat ion using the crowding fac tors . Next the mid-
side nodes a re defined. 
F o r the s t ruc tu ra l options NTHETA / 1 the additional coordinates 
a r e found by symmet ry . 
The output of the geometry consis ts of a l ist of ca r t e s i an (X-Y-Z) 
or cyl indr ical ( r , 6 , Z) coordinates depending on the option NCOORD. 
Punched cards a r e produced to be used in subsequent runs with finite 
e lement p r o g r a m s . 
As for the topology, the option ITWOD allows the generat ion of the 
geomet ry in plane Z-X a n d / o r Z-Y. 
1 4 
3.2 PWR Nozzle 
I 
The coordinates of the extension a r e genera ted in a developed plane 
and then converted to the real s i tuat ion. It is noted that for a PWR 
nozzle NTHETA is equal to 3 by default. 
The coordinate sys tem is a ΓΘΖ sy s t em with the ζ axis coinciding 
with the axial axis of the vesse l . In this way the so -ca l l ed R-e l emen t s 
of BERSAFE can be used which as unknowns have the d i sp lacements in 
a cyl indr ical coordinate sys tem, r a t h e r than the usua l unknowns in c a r ­
t e s i an coord ina tes . 
Input data follow from Fig. 8 and 9 and a r e specified in chapter 4. 
4 . HOW-TO-USE 
Card No. 1 : job t i t le c a rd 
ces 1-4 AJOB A4 job name for BERSAFE p r o g r a m 
ces 5-80 TITLE 19A4 t i t le of the job 
C a r d No. 2: d imension ca rd (see F ig . 2 and 3) 
ces 1-6 RV(1) F 6 . 2 ex te rna l v e s s e l radius 
ces 7-12 RV(2) F 6 . 2 in te rna l ve s se l rad ius 
ces 12-18 FLV F 6 . 2 ves se l length 
ces 19-24 RN(1) F 6 . 2 ex te rna l nozzle rad ius 
ces 25-30 RN(2) F 6 . 2 in te rna l nozzle rad ius 
ces 31-36 FLN F 6 . 2 -nozz le length 
ces 37-42 RT(1) F 6 . 2 outside t r ans i t ion radius = 0 if 
t r ans i t ion not curved 
ces 43-48 RT(2) F 6 . 2 inside t rans i t ion radius ( = 0 if 
t r ans i t ion not curved) 
ces 49-54 FLVT( l ) F 6 . 2 length of t r ans i t ion zone, outside vesse l 
c e s 55-60 F L V T ( 2 ) 
c e s 6 1 - 6 6 F L N T ( l ) 
c e s 6 7 - 7 2 F L N T ( 2 ) 
c e s 7 3 - 7 8 R P 
C a r d N o . 3 
;cs 1-6 A L F A C 1 
c e s 7 - 1 2 A L F AC 2 
F 6 . 2 l eng th of t r a n s i t i o n zone , i n s i d e v e s s e l 
F ö . 2 l eng th of t r a n s i t i o n z o n e , o u t s i d e n o z z l e 
F 6 . 2 l eng th of t r a n s i t i o n zone , i n s i d e n o z z l e 
F 6 . 2 e x t e r n a l r a d i u s of n o z z l e e n t r y , in 
c a s e of c o n i c a l f o r m 
if = 0, RP=RN(1) ( c y l i n d r i c a l f o r m ) 
F 6 . 2 ang le in d e g r e e s of t r a n s i t i o n n o z z l e 
p a r t , if c o n i c a l 
( = 0 c y l i n d r i c a l ) 
F 6 . 2 a n g l e in d e g r e e s of t r a n s i t i o n n o z z l e 
p a r t , if c o n i c a l 
( = 0 c y l i n d r i c a l ) 
C a r d No . 4 : E l e m e n t a n d s t r u c t u r e op t ion c a r d 
R e f e r e n c e : BWR t y p e , q u a r t e r of a s t r u c t u r e . 
c e s 1-6 
c e s 7 -12 
c e s 1 3 - 1 8 
NELN 
NE L T 
NE LV 
c e s 1 9 - 2 4 N E L A 
c e s 2 5 - 3 0 N E L T H 
c e s 3 1 - 3 6 N E L T Y P 
c e s 3 7 - 4 2 N T H E T A 
16 n u m b e r of e l e m e n t s in n o z z l e l eng th 
I6 n u m b e r of e l e m e n t s in t r a n s i t i o n l eng th 
I6 n u m b e r of e l e m e n t s in v e s s e l l eng th 
16 n u m b e r of e l e m e n t s in a n g u l a r d i r e c t i o n 
16 n u m b e r of e l e m e n t s in the t h i c k n e s s 
16 e l e m e n t op t ion : 
= 1 type E Z 2 4 ( l i n e a r , 8 n o d e s ) 
= 2 type E Z 6 0 ( p a r a b o l i c , 20 n o d e s ) 
= 3 type E Z 9 6 (cub ic , 32 n o d e s ) 
16 s t r u c t u r e op t ion : 
= 1 q u a d r a n t 1 
= 2 q u a d r a n t 1 + 4 
= 3 q u a d r a n t 1 + 2 
= 4 q u a d r a n t 1 + 2 + 3 + 4 
F o r P W R nozz l e N T H E T A = 3 by de fau l t . 
1 6 
ces 43-48 NGAMMA 
ces 49-54 NCOORD 
I6 angle in degrees of v e s s e l s e c t o r 
(up to max imum 180 ) 
16 coordinates option 
= 0 x - y - z 
= 1 r - 9 - z (Fig. 3) 
F o r PWR nozzle coordinate sys tem r - Ö - z (Fig. 3) accord ing to F ig . 7 
by default. 
ces 55-60 ITWOD 16 = 0 3D data r equ i r ed 
= 1 2D data r equ i r ed : z -x plane 
= 2 2D data r equ i r ed : z-y plane 
= 3 3D and 2D (z -x and z-y) d a t a 
requ i red 
F o r PWR nozzle ITWOD = 0 by default. 
Card No. 5: crowding factor ca rd 
ces 1-6 CROWN 
cc s 7-12 CROWV 
ces 13-18 CROWTH 
ces 19-24 CROWTR 
F 6 . 2 
F 6 . 2 
F 6 . 2 
F 6 . 2 
crowding factor along the nozzle if 
y 1 e lements i nc r ea s ing away f rom 
the t rans i t ion 
crowding factor along the v e s s e l if 
> 1 e lements i nc rea s ing away from 
the t rans i t ion 
crowding factor along the th ickness 
if > 1 e lements i nc rea s ing away f rom 
the inside sur face 
crowding factor along the t r ans i t i on 
nozzle and v e s s e l zones 
if > 1 e lements i nc rea s ing away from 
the junction, 
if = 1, automat ical ly = 1.1 
T 7 
Card No. 6: 
ces 1-6 NPOIN 
ces 7-12 NELEM 
ces 13-18 NBTOT 
ces 19-24 NPOIN1 
ces 25-30 NELEM1 
ces 31-36 NPWR 
16 index of f i rs t nodal point (3-D mesh) 
16 index of f i rs t e lement (3-D mesh) 
16 max imum number of nodes allowed in 
the s emi-bandwidth 
if = 0, NBTOT = 99 
16 index of f i rs t nodal point (2-D mesh) 
16 index of f i rs t e lement (2-D mesh) 
16 = 0 BWR nozzle 
= 1 PWR nozzle 
The cards 7 and 8 a r e by -passed if NPWR = 0. 
Ca rd No. 7: PWR par t c a rd (Fig. 8) 




ces 13-18 FLFL3 
ces 19-24 FLFL4 
ces 25-30 RV(3) 
ces 31-36 RV(4) 
F 6 . 2 extension length in ζ negative with 
radi i RV(1) and RV(2) 
F 6 . 2 extension length in ζ positive with 
rad i i RV(1) and RV(2) 
F 6 . 2 extension length in ζ positive conical 
zone of the vesse l par t 
F 6 . 2 ve s se l length with radi i RV(3) and RV(4) 
F 6 . 2 ves se l outer radius 
if = 0 RV(3) = RV(1) 
F 6 . 2 vesse l inner radius 
if = 0 RV(4) = RV(2) 
C a r d No. 8: PWR par t c a r d 
ces 1-6 NGAMP 16 
5. RESULTS 
PWR vesse l sec tor (in degrees ) 
N . B . 180 > NGAMP > NGAMMA 
The output of EURCYL consis ts of l is t ings of: 
the input data, 
1 8 
- the total number of nodes and e l e m e n t s (1 ) , 
- the m a x i m u m s e mi-bandwidth (1) , 
- the 3 - D topology (2) , 
- the 2 - D topology and geometry (2) , 
- the 3 - D g e o m e t r y (2) . 
(1) the job i s i m m e d i a t e l y abandoned if t h e s e p a r a m e t e r s do not a g r e e 
with the BERSAFE and FLHE l i m i t a t i o n s , 
(2) printed if required , th is sequence i s i m p o s e d due to p r o g r a m d i m e n ­
s i o n s c o n v e n i e n c e s . 
Fur ther punched cards are produced for the topology and the g e o m e -
(2) (3) 
try with the required formats for BERSAFE V ' and FLHE X ' u s e . 












1 7 - 1 8 
19 -22 











job n a m e 
c a r d type number ( B E R S A F E ) 
blank 
e l e m e n t number 
n u m b e r of nodes 
nodes s e r i e s 
N . B . if NNODES > 15, a continuation c a r d i s u s e d with 14 f o r m a t s 
( c e s 1 9 - 2 2 , e t c . ) and NNODES = NNODES +1 . 
Geometry c a r d s - c a r d type 21 B E R S A F E 
A4 job n a m e 
12 c a r d type n u m b e r ( B E R S A F E ) 
14 node n u m b e r 
F 8 . 3 X o r R coord inate 
F 8 . 3 Y o r β coord inate ( θ in d e g r e e s ) 
F 8 . 3 Ζ coord inate 
C C S 
C C S 
c e s 
C C S 
C C S 
C C S 
1-4 
5-6 
7 - 1 0 
1 1 - 1 8 
1 9 - 2 6 








TEST EURCYL LEVEL 2, TEST SAÜPLE PUR NOZZLE TYPE 
0.0 45.0 45.0 GLOB 0.0 0.0 O.ü CART 
(D 
TEST PUR SAÜPLE TEST 
ε ο 
Appendix 4 gives an example of the pr inted r e su l t s of a s t r u c t u r e r e ­
presen ted by the Calcomp plot of F ig . 10. F ig . 11 gives another example . 
6. CONCLUSIONS 
EURCYL covers the automatic m e s h generat ion of a b road field of 
cy l inder ­cy l inder in te r sec t ions . In pa r t i cu la r the p r o g r a m is sui ted to 
genera te m e s h e s for both BWR and PWR nozzles , including local r e in ­
forcement and fillet r ad i i . Punched ca rds a r e produced to s e r v e as in­
put for the finite e lement p rogram s y s t e m s BERSAFE and F L H E . 
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APPENDIX Ι 
Crowding Fac tors 
If Ν is the number of nodes to be generated on a s t ra ight or curved 
line defined by the p a r a m e t e r s χ and χ with crowding factor R, the 
coordinates of the in te rmedia te nodes a r e defined from: 
x j = x i + ( χ Ν - x i ) C N 
CN = ( R j _ l - 1 ) / ( R N _ 1 - l ) 
CN = (j - l ) / (N - l ) for R = 1. 
These formulae a r e used to define the coordinates of the summit 
nodes in the thickness di rect ion, and for the nozzle zone A - D and the 
v e s s e l zone E - F in length direct ion (Fig. 2). 
APPENDIX 2 
The dis t r ibut ion of the elements in the t r ans i t ion zone is defined by 
the number of e lements NELT and the crowding factor R. 
The p r o g r a m has to define the number of e lements to be a t t r ibu ted 
to the dis tances DB, BC and CE, respec t ive ly N I , N2 and N3 (Fig. 5). 
An i te ra t ive procedure is applied. 
As init ial guess for the length of the e lements in d is tance BC is taken 
A = (DB + BC + CE)/NELT (1) 
The number of e lements in DB, BC and CE become respec t ive ly 
Nl = log(l + ( R - l ) DB/A)/ log R (2) 
N2 = BC/A (3) 
N3 = log(l + (R- l )CE/A) / log R (4) 
These equations expres s that for BC the dis t r ibut ion is homogeneous 
(3) and for DB and CE the distr ibution is according to a geome t r i ca l s e -
r ies with f i rs t t e r m A and ratio R. 
The sum of the calculated e lements is compared to the p r e s c r i b e d 
number NELT. 
Nl + N2 + N3 = SUM ? NELT (5) 
A cor rec t ion is applied to A according to 
1/2 " A = A (SUM/NELT) ' (6) 
and the i tera t ion loop re turns to eq. (1) until (5) is sa t i s f ied . 
Equations (2) and (4) follow from the sum S of a geome t r i ca l s e r i e s 
with N t e r m s : 
S 3 
.N S = A ( R ' - 1)/(R - 1) ( 7 ) 
Once N l , N2 and N3 a r e known, the summit nodes in BC a r e dis t r i ­
buted homogeneously, and the summit nodes in DB and CE according 
to a geometr ica l s e r i e s with rat io R (appendix 1). 
Fig. 12 : Transition profile in an angular plane θ 
8 4 
APPENDIX 3 
The coordinates of points Β and C in an angular plane θ a r e defined 
by t ranscendenta l equations which a r e solved by i t e ra t ion . 
The in te rsec t ion of an angular plane 6 with the v e s s e l ( radius RV) is 
an el l ipse with half ax i s . 
RV/s in© and RV (Fig . 12) 
The i te ra t ion s t a r t s with a f i rs t guess for the radius RC of point C 
in the plane of in te rsec t ion . The ve r t i ca l posit ion of C is then defined by: 
2 2 2 1/2 
ZC = (RV ­ RC s i n f i ) ' (1) 
The angle β is defined by: 
= a rc tg (RC sin /9/ZC) (2) 
The angle o^  and the coordinates of points Β become: 
<X= 7Γ/2 ­ Of ­/* (3) 
RB = RC + RT s i n ^ ­ RT coscx (4) 
ZB = ZC + RT c o s ^ ­ RT sincx (5) 
The radius of point D becomes: 
RD = RB ­ (ZD ­ ZB) tg ¿X (6) 
The value of RD is compared to the nozzle radius RN. The difference 
is subtracted from RC and the i te ra t ion continues with equation (1), 
Equation (3) gives the value of c* and the in te rmedia te nodes between 
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fcZòO I S THE ELEMENT TYPE * * * * * * * * * * * * * * * * * * * * * * * * 
ELEMENTS ALONG THE NOZZLE (FROM A TO 0 ) 
ELEMENTS ALONG THE TRANSITION (FROM D TO E) 
ELEMENTS I N THc 90 DEGREES NUZZLF SECTOR (BEWARE THE STRUCTURE CHOICE) 
ELEMENTS ALUNG THE VESSEHFRLM E TO F l 
ELEMENTS ALONG THE THICKNESS 
THE UJTER PART OF THE NOZZLE IS CONICAL ÜR CYLINDRICAL,ANGLE = 5 . 0 0 0 DEGREES 
THE INNER PART OF THE NOZZLE ÍS CONICAL OR CYLINDRICAL,ANGLE = 0 . 0 DEGREES 
THERE ARE 0 POINTS ANU 0 ELEMENTS BEFORE THIS MESH 
U 
FOR THIS 3 -D STRUCTURE,THE HIGHEST NODE INDEX I S 33 AND THE HIGHEST ELEMENT INDEX I S 314 
ATTENTION SOME NODE AND ELEMENT INDEXES ARE NOT USED I F PWR OPTION 
NUMBER OF ELEMENTS ALONG THE TRANSITION FROM NOZZLE TO VESSEL 
EXTERNAL PART 1 FROM D TO Β 
1 FROM Β TO C 1 FROM C TO E 
INTERNAL PART 1 FROM 0 TO Β 1 FROM Β TO C 1 FROM C TO E 
CR0WÜ1NG FACTOR ALONG THE NOZZLE (CROWN) 1 .00 THE VESSEL(CROWV) 1 . 0 0 THE THICKNESS(CROWTH) 1 . 0 0 THE TRANSITIUN(CROWTR) 1 . 1 0 
SEMI-BANDWIDTH = 35 NODES 
LIST JF E L . WITH ThEIR N.P. ÍCAKOS PUNCHED ALSO FOR BERSAFEI 





































































































































































































































































































































































































































































































































































33 265 274 279 280 281 275 267 266 288 293 294 289 298 307 312 313 314 3*8 300 299 
FURTHER INFORMATION FOR EUKCY-51 ANO EURCY-72 NELA1 » 1 H 
NELA2 ■ 1 W 
3<* 
COORO. SYSTEM R - THETA - Ζ ************************** 
LIST JF N.P· WITH COORDo (PUNCH ON CARDS WITH BERSAFE FORMAT) 
1 
2 

















28 29 30 31 
32 
33 
34 35 36 
37 
3d 







5 0 51 52 
53 
1 6 0 o 0 0 0 
1 6 0 . 5 6 0 
1 6 1 . 9 0 3 1 6 3 . 2 3 5 1 6 3 . 7 8 3 
1 6 3 . 2 3 5 
1 6 1 . 9 0 3 
1 6 0 . 5 6 0 113:8» 1 6 1 . 6 4 2 
16 3 . 2 6 7 
1 6 1 . 6 4 2 1 6 0 . 0 0 0 
1 6 0 . 0 0 0 1 6 0 . 4 1 1 1 6 1 . 4 0 0 
1 6 2 . 3 8 3 
1 6 2 . 7 8 8 162c 383 
1 6 1 . 4 0 0 1 6 0 . 4 1 1 
16Üc000 
1 5 0 . 0 0 0 
1 5 2 . 3 2 6 
1 5 4 . 6 1 6 
1 5 2 . 3 2 6 1 5 0 . 0 0 0 1 5 0 . 0 0 0 
1 5 1 . 4 9 3 1 5 2 . 9 7 1 
1 5 1 . 4 9 3 
1 5 0 . 0 0 0 
1 4 0 . 0 0 0 1 4 0 . 8 3 4 1 4 2 . 8 2 9 
1 4 4 . 7 9 5 
1 4 5 . 6 0 2 
1 4 4 . 7 9 5 1 4 2 . 8 2 9 1 4 0 . 834 
1 4 0 . 0 0 0 ttfcîW Itti?! 1 4 0 . 0 0 0 1 4 0 . 0 0 0 
1 4 0 . 4 7 0 
1 4 1 . 5 9 8 1 4 2 . 7 1 7 
1 4 3 . 1 7 8 
1 4 2 . 7 1 7 
9 0 . 0 0 0 
8 5 . 2 1 5 8 1 . 2 0 7 7 8 . 5 7 * 
7 7 . 6 6 1 
7 8 . 5 7 4 8 1 . 2 0 7 8 5 . 2 1 5 
9 0 . 0 0 0 
8 1 . 8 2 6 
7 8 . 5 1 8 
8 1 . 8 2 6 9 0 . 0 0 0 
9 0 . 0 0 0 8 5 . 8 9 o 8 2 . 4 4 8 
8 0 . 1 7 2 7 9 . 3 8 0 8 0 . 1 7 2 
8 2 . 4 4 8 8 5 . 8 9 6 
9 0 . Ρ 0 0 
9C.00U 
7 9 . 9 7 5 
7 5 . 9 6 4 
7 9 . 9 7 5 
9 0 . 0 0 0 9O.0OD 8 1 . 9 5 0 7 8 . 6 9 0 
8 1 . 9 5 0 
9 0 . 0 0 0 
9 0 . 0 0 0 8 3 . 7 6 0 7 8 . 5 7 8 
7 5 . 2 1 3 
7 4 . 0 5 5 
7 5 . 2 1 3 7 8 . 5 7 8 8 3 . 7 6 0 
9 0 . 0 0 0 90.0ÕU 7 9 . 9 7 5 
7 5 . 9 6 4 
7 9 . 9 7 5 9 0 . 0 0 0 
9 0 . 0 0 0 
8 5 . 3 1 2 
8 1 . 3 8 4 7 8 . 8 0 2 7 7 . 9 0 5 
7 8 . 8 0 2 
3 5 . 0 0 0 
3 2 . 3 3 6 
2 4 o 7 4 9 i 3o 394 - 0 . 0 0 0 
- 1 3 . 3 9 4 
- 2 4 o 749 
- 3 2 . 3 3 6 - 3 5oCCû 3 2 . 5 0 0 
2 2 . 9 8 1 
-OeCOO 
- 2 2 o 9 8 1 - 3 2 . 5 0 0 
3 0 . 0 0 0 2 7 . 716 2 1 . 2 1 3 
1 1 . 4 8 1 
- 0 . 0 0 0 - 1 1 . 4 8 1 
- 2 1 . 2 1 3 - 2 7 . 7 1 6 
- 3 0 . 0 0 0 
3 7 . 5 0 0 
2 6 . 5 1 6 
- 0 . 0 0 0 
- 2 6 . 5 1 6 - 3 7 o 500 3 0 . 0 0 0 
2 1 . 2 1 3 
-OoCOC 
- 2 1 . 2 1 3 
- 3 0 . C O O 
4 0 . C OC 36o 955 2 8 . 2 8 4 
1 5 . 3 0 7 
- 0 . 0 0 0 
- 1 5 . 3 0 7 - 2 8 . 2 8 4 - 3 6 . 9 5 5 
- 4 0 . 0 0 0 Ifcrø - 0 . 0 0 0 
- 2 4 . 7 4 9 - 3 5 . C O O 
3 0 . 0 0 0 
2 7 . 7 1 6 
2 1 . 2 1 3 I l o 481 
-O.COÖ 





59 60 6 1 
62 
63 
64 65 65 
67 










85 86 87 
88 89 90 
91 92 93 94 95 I? 
98 






110 1 1 1 
112 113 
1 1 4 
itb'AlS 
1 4 0 . 0 0 0 1 3 4 . 1 2 8 
1 3 3 . 2 0 5 1 3 2 . 730 
1 3 3 . 2 0 5 1 3 4 . 1 2 8 
1 1 5 . 0 0 0 
1 1 4 . 5 6 1 
1 1 4 . 3 1 9 1 1 4 . 5 6 1 1 1 5 . 0 0 0 
1 2 8 . 2 5 7 
1 2 6 . 7 9 1 1 2 3 . 6 3 9 1 2 1 . 0 2 5 1 2 Ö . 0 8 0 
1 2 1 . 0 2 5 
1 2 3 . 6 3 9 1 2 6 . 7 9 1 1 2 8 . 2 5 7 
1 0 9 . 1 2 8 
1 0 5 . 700 
10 3 . 0 5 2 1 0 5 . 7 0 0 
1 0 9 . 1 2 8 9 0 . 0 0 0 
8 9 . 291 
3 7 . 7 6 2 
3 6 . 4 8 6 
8 6 . 0 2 4 3 6 . 4 8 6 d 7 . 762 
8 9 . 2 9 1 9 0 . 0 0 0 1 1 5 . 2 5 4 
1 1 3 . 8 1 4 1 1 2 . 7 6 7 1 1 3 . 814 1 1 5 . 2 5 4 8 2 . 9 2 9 
8 2 . 2 0 3 
8 1 . 6 7 2 8 2 . 2 0 3 
8 2 . 9 2 9 118:888 
1 1 0 . 0 0 0 
1 1 0 . 0 0 0 1 1 0 . 0 0 0 1 1 0 . 0 0 0 
118:888 
1 1 0 . 0 0 0 
9 5 . 0 0 0 
9 4 . 9 8 8 9 4 . 9 8 2 
9 4 . 9 8 8 9 5 . 0 0 0 
8 0 . 0 0 0 
Steiß 18:888 
7 7 . 4 6 5 
7 1 . 9 1 9 7 7 . 4 6 5 9 0 . 0 0 0 
9 0 . 0 0 0 
7 9 . 3 2 7 
7 4 . 7 8 9 7 9 . 3 2 7 9 0 . 0 0 0 
9 0 . 0 0 0 
8 2 . 3 5 0 7 6 . 1 7 8 7 1 . 2 0 8 6 9 . 3 3 0 7 1 . 2 0 8 
7 6 . 1 7 8 
8 2 . 3 5 0 9 0 . 00υ 9 0 . 0 0 0 
7 6 . 1 0 7 
6 9 . 4 4 2 7 6 . 1 0 7 9 0 . 0 0 0 9 0 . 0 0 0 
8 2 . 6 1 6 
7 6 . 0 0 7 
7 1 . 3 1 2 
6 9 . 5 9 7 7 1 . 3 1 2 7 6 . 0 0 7 
8 2 . 6 1 6 90.QUO 9 0 . 0 0 0 
7 3 . 2 7 0 6 6 . 1 6 4 7 3 . 2 70 9 0 . 0 0 0 9 0 . 0 0 0 
7 3 . 9 5 4 
6 7 . 3 1 9 7 3 . 9 5 4 
9 0 . 0 0 0 9 0 . 0 0 0 7 8 . 0 4 4 
6 8 . 7 4 6 
6 3 . 2 0 9 
6 1 . 3 6 0 
6 3 . 2 0 9 6 8 . 7 * 6 7 8 . 0 4 4 
9 0 . U 0 0 
9 0 . 000 
6 9 . 5 2 3 6 2 . 3 1 1 
6 9 . 5 2 3 9 0 . 0 0 0 
9 0 . 0 0 0 
-i\:m 
- 3 O . C 0 O 4 0 . 5 1 1 
2 8 . 9 1 1 
-0 .COO - 2 8 . 9 1 1 - 4 0 . 5 1 1 
30.COO 
2 1 . 2 1 7 
-O.COÜ 
- 3 0 . 0 0 0 
4 1 . Ç 2 2 
3 8 . 0 9 8 2 9 . 5 3 8 1 6 . 1 4 9 -o.coo - 1 6 « 149 
- 2 9 . 5 3 8 
- 3 8 . Ç 9 8 - * 1 ο 0 2 2 3 5 . 5 1 1 
25ο 380 
-O.COO - 2 5 . 3 8 0 
- 3 5 . 5 1 1 30ο COO 
2 7 . 7 0 3 
2 1 . 2 2 2 
11ο478 
-O.COO - 1 1 ο 4 7 8 
- 2 1 ο 2 2 2 - 2 7 . 7 0 3 
- 3 0 . 000 4 7 . 4 34 
3 2 . 7 6 3 -O.COO - 3 2 . 7 6 3 - 4 7 . 4 3 4 3 2 . 9 2 9 
2 2 . 7 2 1 
- υ . 0 0 0 - 2 2 . 7 2 1 
- 3 2 . 9 2 9 
60ο 946 5 5 . C 1 3 
3 9 . 8 7 6 
20c537 
-O.COO - 2 0 . 5 3 7 - 3 9 . 8 7 6 - 5 5 . 0 1 3 
- 6 0 . 9 4 6 50ο473 
3 3 . 2 3 0 -Oc CÔO 





18: 8 8 
80.000 80.000 80.000 80.000 110.000 11 
80.000 18:888 80.000 110.000 110.000 110.000 110.000 118:888 
110.000 110.000 Η8:888 Itiö 
94.594 95.000 80.000 18:888 8:888 80.000 80.000 80. 000 1Î8-.888 




110. 110.000 110.000 110.000 118:888 
79. 177 70.592 65.366 63.619 65.366 70.592 79.177 90.000 90.000 65.063 
Itihlï 
18: 




56.863 44.782 56.863 90.000 90.000 68.079 50.647 39.928 36.296 39.928 50.647 68.079 18:888 
30.690 25.471 30.690 90.000 ma 
18.148 25.324 18:888 45.000 0.000 0.000 0.000 0.000 0.000 118:888 $8:888 95.000 90.000 
36.268 
26.583 il:8¿o 
-13.812 -26.583 -36.268 -40.000 70.946 
-0·< -46. 
-18:81 Ψ 
-40·; -60 .473 80.946 73.490 54.018 28.191 -ìtm -54 .018 -73 .490 -80 .946 80.946 -θ !000 -54 .018 -80 .946 80.946 73.490 54.018 ¿8:éåé 
- 2 8 . 1 9 1 -54 .018 -73 .490 -18: m 77.C09 -0 .000 -77.C09 -90 .473 vkta - 0 . 0 0 0 -77.C09 
ΙοοΓοϋί 
188:888 






180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 
18? 
206 
208 209 210 211 212 213 
Ht Ili 
218 219 220 221 222 223 227 228 232 233 234 241 242 246 247 248 255 
260 
11:888 
95.000 95.000 80.000 80.000 80.000 80.000 80.000 80.000 80.000 80.000 80.000 110.000 110.000 110.000 110.000 110.000 80.000 80.000 80.000 80. 000 80.000 110.000 110.000 110.000 
m 118:888 110.000 110.000 110.000 110.000 95.000 95. 000 95.000 95.000 95.000 80. 000 80.000 80.000 80.000 80.000 80.000 80.000 8 0.000 80.000 105.000 105.000 85.000 85. 000 188:888 l!!:888 
95.000 90.000 90.000 90.000 100.000 l88:888 
8:888 
90. ! 90.000 45.000 0.000 0.000 0.000 0.000 0.000 45.000 90.000 90.000 -15.000 -15.000 -15.000 90.000 90.000 -15.000 -15.000 -15.000 90.000 90.000 30.000 -30.000 
-30.000 -30.000 30.000 90.000 90.000 -30.000 -30.000 -30.000 90.000 90.000 -18:883 -18:888 
-30.000 -30.000 30.000 90.000 90.000 -30.000 90.000 -30.000 90.000 30.000 -30.000 90.000 -30.000 90.000 30. 000 -30.000 90.000 -30.000 90.000 
100.ÇO0 
-188:888 188:888 
100.000 50.000 0.0 -50.COO -100.000 -100.000 -100.C00 110. eoo 
llg.000 
-110.000 -110.000 110.000 110.000 0.0 -110.000 -110.C00 120.COO 120.000 120.COO 68:&00 -Ίΐ8:ί88 
-120.000 -120.000 120.COO 120.000 0.0 -120.000 -120.C00 120.000 118:888 
6g.JOO 
-60.COO -120.000 -120.000 -120. cor 111:88. 
135.COO 135.000 118:888 
118:888 
150.COO 150.000 150.000 150.000 160.COO 118:888 
3 3 
i t s l0-8:888 "18:888 158:888 266 100.000 30 .000 170.C00 
267 100.000 - 3 0 . 0 0 0 170 . COO 
274 95.QQ0 90 .000 170.C00 
275 95 .000 - 3 0 . 0 0 0 17C.000 
2 79 90.000 90 .000 170 . COO 
280 90.000 30 .000 170.COC 
281 90.000 - 3 0 . 0 0 0 170.COO 
288 I30.QOO 90 .000 190. COO 
2 89 100.000 - 3 0 . 0 0 0 190.00C 
293 90.000 90 .000 190.COL 
294 90.000 - 3 0 . 0 0 0 190 .000 
298 100.000 90 .000 21C.C00 
299 100.000 30 .000 210.COO 
300 100.000 - 3 0 . 0 0 0 210.C0C 
307 95 .000 90 .000 210.COO 
308 95 .000 - 3 0 . 0 0 0 210 .000 
312 90.000 90 .000 210.COC 
313 90 .000 30 .000 210.C00 
314 90 .000 - 3 0 . 0 0 0 210.COO 
CARDS TYPE 11 AND 21 ARE NCW PREPAKEC 
NOTICE TO THE READER 
All scientific and technical reports published by the Commission of 
the European Communities are announced in the monthly periodical 
"euro-abstracts". For subscription (1 year : B.Fr. 1 025,—) or free 
specimen copies please write to : 
Office for Official Publications 
of the European Communities 
Boîte postale 1003 
Luxembourg 
(Grand-Duchy of Luxembourg) 
SALES OFFICES 
The Office for Officiai Publications sells all documents published by the Commission of the 
European Communities at the addresses listed below, at the price given on cover. When 
ordering, specify clearly the exact reference and the title of the document. 
UNITED KINGDOM 
H M Stationery Office 
P.O. Box 569 
London S i . 1 — Tel. 01 -928 69 77, exl. 365 
ITALY 
Libreria dello Stato 
Piazza G. Verdi 10 
00198 Roma — Tel (6) 85 08 
CCP 1/2640 
BELGIUM 
Moniteur belge — Belgisch Staatsblad 
Rue de Louvain 40-42 — Leuvenseweg 40-42 
1000 Bruxelles — 1000 Brussel — Tel 12 00 26 
CCP 50-80 — Postgiro 50-80 
Agency : 
Librairie européenne — Europese Boekhandel 
Rue de la Loi 244 — Wetstraat 244 
1040 Bruxelles — 1040 Brussel 
DENMARK 
J H Schultz — Boghandel 
Montergade 19 
DK 1116 Kobenhavn K — Tel 14 11 95 
NETHERLANDS 
Staatsdrukkerij- en uitgeverijbedrijf 
Christoffel Plantijnstraat 
's-Gravenhage — Tel (070) 81 45 11 
Postgiro 42 53 00 
UNITED STATES OF AMERICA 
European Community Information Service 
2100 M Street, N W . 
Suite 707 
Washington, D C , 20 037 — Tel. 296 51 31 
FRANCE 
Service de vente en France des publications 
des Communautés européennes — Journal officiel 
26. rue Desaix — 75 732 Paris - Cedex 15e 
Tel (1 ) 306 51 00 — CCP Paris 23-96 
SWITZERLAND 
Librairie Payot 
6. rue Grenus 
1211 Genève — T e l . 31 89 50 
CCP 12-236 Genève 
GERMANY (FR) 
Verlag Bundesanzeiger 
5 Köln 1 — Postfach 108 006 
Tel (0221) 21 03 48 
Telex Anzeiger Bonn 08 882 595 
Postscheckkonto 834 00 Köln 
SWEDEN 
Librairie CE. Fritze 
2, Fredsgatan 
Stockholm 16 
Post Giro 193, Bank Giro 73/4015 
GRAND DUCHY OF LUXEMBOURG 
Office for Official Publications 
of the European Communities 
Bolte postale 1 0 0 3 — L u x e m b o u r g 
Tel 4 7 9 4 1 — CCP 191-90 ' 
Compte courant bancaire BIL 8-109/6003/200 
IRELAND 
Stationery Office — The Controller 
Beggar's Bush 




Madrid 1 — Tel. 275 51 31 
OTHER COUNTRIES 
Office for Official Publications 
of the European Communities 
Bol te postale 1 0 0 3 — L u x e m b o u r g 
Tel 4 79 41 — CCP 191-90 
Compte courant bancaire: BIL 8 -109 /6003 /200 
O F F I C E F O R O F F I C I A L P U B L I C A T I O N S O F T H E E U R O P E A N C O M M U N I T I E S 
Bofte postale 1 0 0 3 — Luxembourg 6 7 3 6 
CDNA05257ENC 
